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We show that quinolone resistance in Helicobacter pylori has reached an alarming level in Germany. Our data
suggest that the use of quinolones requires prior antimicrobial susceptibility testing, especially for isolates
from patients who have already undergone previous unsuccessful eradication treatments, and also underline
the further need for surveillance studies to monitor antibiotic resistance in H. pylori.

Helicobacter pylori infection causes gastritis and can result in
complications such as peptic ulcer diseases, mucosa-associated
lymphoid tissue lymphoma, or gastric cancer (22). In Germany,
antibiotic chemotherapy that includes amoxicillin, clarithromy-
cin, and a proton pump inhibitor is recommended for the
eradication of these bacteria in infected individuals (14). After
treatment failures, quinolone-based triple therapies have been
shown to be highly effective and therefore have been proposed
as rescue regimens (4, 20).

The aim of this study was to estimate the prevalence of
quinolone resistance in H. pylori by testing the antimicrobial
susceptibilities of clinical isolates obtained between 2001 and
2005. We analyzed H. pylori isolates from patients who had
already been treated (n � 805; 86%) or who had not been
treated (n � 126; 14%). Susceptibilities to ciprofloxacin, met-
ronidazole, and clarithromycin were determined by the Etest
method, according to the manufacturer’s instructions and a
modified protocol, as described previously (9). Isolates were
classified as resistant to ciprofloxacin and clarithromycin when
the MIC was �1 mg/liter and were classified as resistant to
metronidazole when the MIC was �8 mg/liter (9, 12).

Due to the predominance of previously treated patients, the
overall rates of resistance to metronidazole (Mtzr; 67.8%),
clarithromycin (Clar; 62.9%), and to both antimicrobials (Mtzr

Clar; 39.8%) were expectedly high. We also observed a large
number (n � 150; 16.1%) of ciprofloxacin-resistant isolates;
detailed analysis showed that the majority of these isolates
(n � 95; 10.2%) were also resistant to metronidazole and cla-
rithromycin, whereas only a minority (n � 17; 1.8%) were
exclusively resistant to ciprofloxacin.

Previous unsuccessful eradication trials appear to be an
important risk factor for the development of overall quino-
lone resistance and triple-drug resistance, since those pat-
terns of resistance were more common among isolates from
previously treated patients (Cipr, 17.1%; Mtzr Clar Cipr,
11.8%) than among those derived from previously untreated
individuals (Cipr, 9.5%; Mtzr Clar Cipr, 0.0%). A chi-square

test confirmed these differences to be significant at an error
level of 5% (Fig. 1).

Next, we also analyzed the average MICs of ciprofloxacin
and compared the annual differences in the proportions of
quinolone-resistant isolates.

The geometric mean of the ciprofloxacin MICs showed a
minimal decrease from 0.15 mg/liter in 2001 to 0.14 mg/liter in
2003, followed by an abrupt rise to 0.27 mg/liter in 2004 and a
final increase to 0.38 mg/liter in 2005. Switching of the regres-
sion of the logarithms of the MICs with the year as an explan-
atory variable confirmed this finding of a structural break.

As a consequence, the proportions of Cipr H. pylori isolates
rose from 11.2% in 2003 to 16.6% in 2004 and further in-
creased to 22.1% in 2005. The rate of Mtzr Clar Cipr isolates
more than doubled between 2001 (6.2%) and 2005 (13.7%)
(Fig. 2). Logistic regression analysis showed a significant pos-
itive trend for the proportions of Cipr isolates and Mtzr Clar

Cipr isolates. Similar high rates of quinolone resistance were
reported from Korea (12) and Italy (2), whereas rates below
10% were reported from France (23), The Netherlands (6),
Spain (24), and Portugal (3).

Quinolones exert their antimicrobial effects by affecting the
A subunit of the DNA gyrase, the only known target enzyme in
H. pylori (17, 25). Mutations in the quinolone resistance-deter-
mining region of the gyrA gene, which mainly involve amino
acid substitutions at positions 87 and 91, confer resistance to
these antibiotics (12, 19, 23). Thus, we amplified and se-
quenced 569-bp gyrA fragments (GenBank accession no.
AE000583) of a selection of 60 resistant isolates by using prim-
ers 32fw (5�-ATATTGTAGAAGTGGGGATTGAT-3�) and
600rv (5�-ATGCACTAAAGCGTCTATGATT-3�) (Hermann
GmbH, Freiburg, Germany) and by applying modified condi-
tions, as described elsewhere (7).

All resistant strains harbored known gyrA mutations, as de-
scribed earlier by Moore et al. (17) (Table 1). The natural
transformation of ciprofloxacin-susceptible H. pylori strain
26695 by using the gyrA PCR products of the various resistant
isolates was performed by a modified protocol described pre-
viously (8, 26) and confirmed the critical role of gyrA mutations
in quinolone resistance in H. pylori (data not shown). There
was no apparent correlation between the MICs for the resis-
tant isolates and their underlying gyrA genotype. Other known
resistance mechanisms, such as efflux pumps, have been dis-
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cussed; but their presence in H. pylori seems to be rather
unlikely (1, 23).

In agreement with the results of others (23), we obtained in
vitro ciprofloxacin-resistant mutants after a single passage by

culturing the susceptible strain 26695 in the presence of CIP-5
Sensi-Discs (5 �g ciprofloxacin) (Becton Dickinson, Germany).
Four randomly picked ciprofloxacin-resistant mutants showed
MICs �32 mg/liter and harbored resistance-mediating gyrA

FIG. 1. Influence of previous eradication trials on ciprofloxacin resistance in H. pylori. The resistance patterns of clinical isolates from patients
who had not been previously treated (n � 126) were compared to those of isolates who had previously been treated (n � 805). The 95% confidence
intervals were constructed by a Bayesian approach by using a noninformative prior function. Abbreviations: Cip, ciprofloxacin; Mtz; metronidazole;
Cla, clarithromycin.

FIG. 2. Proportions of Cipr isolates and Mtzr Clar Cipr isolates for H. pylori over the last 5-year period. The 95% confidence intervals were
constructed by a Bayesian approach by using a noninformative prior function. Abbreviations: Cip, ciprofloxacin; Mtz; metronidazole; Cla,
clarithromycin.
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mutations similar to those that we detected in the resistant
isolates (Table 1). According to a protocol described else-
where, we determined a rate for the development of cipro-
floxacin resistance mutations of about 10�8 per cell division,
thereby confirming previously published data (25).

We hypothesize that the development of ciprofloxacin resis-
tance might be a rapid one-step event that is likely to occur
more frequently due to the increasing use of fluoroquinolones
(23). In Germany, the rate of prescription of quinolones has
continuously increased for outpatients, and it is well known
that fluoroquinolone resistance results from the previous use
of these antibiotics (5, 10, 11).

However, only a minority of the previously treated patients
(n � 32) harboring Cipr H. pylori strains whom we studied
received quinolones in previous treatment trials, thereby at-
tributing a pivotal role to the consumption of quinolones for
the treatment of other infections (e.g., urogenital infections or
respiratory diseases).

Since all patients have undergone only a single microbiolog-
ical investigation, it was not possible to evaluate if resistance
might have arisen in previously sensitive strains during one or
more eradication trials.

It is still controversial whether antimicrobial susceptibility
testing should be performed before the implementation of H.
pylori eradication therapy. Pretreatment susceptibility testing
was shown to be cost saving and associated with higher erad-
ication rates (21); other data question the use of prior suscep-
tibility testing before the use of first- and second-line therapies
(16, 18). These conflicting results are probably due to the
different study settings and the different patients evaluated.
For Germany, we have shown that antimicrobial susceptibility
testing should be implemented after the first treatment failure
due to increasing double resistance to metronidazole and cla-
rithromycin, thereby allowing antibiogram-adapted eradication
therapies (13).

In conclusion, the data presented here show that resistance
to quinolones and triple resistance to metronidazole, clarithro-
mycin, and ciprofloxacin in H. pylori have reached alarming
levels in Germany. Our results underline the prerequisite of in
vitro susceptibility testing when the application of quinolones

for the eradication of H. pylori is considered, particularly in
patients previously treated unsuccessfully (2, 15).

Furthermore, more studies on the development of resistance
due to quinolone-based eradication regimens or the use of
quinolones for the treatment of unrelated diseases are needed.
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